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HYDROLOGIC TECHNIQUES
During the summer of 1975, a reconnaissance of ten thermal-spring' sites in the Appalachian was carried out. Much of the spring and well data given here was obtained by canvassing homeowners. However, some of the data for Virginia and New York were obtained from well drillers 1 files, and some of the data for Pennsylvania were obtained from drillers' records on file at the Pennsylvania Geological Survey.
After the wells and springs were inventoried, some were selected for sampling. Generally, ground water was sampled at three or more sites in the vicinity of each warm spring: the warm spring itself, a well or spring tapping the rock units adjacent to the rock unit from which the thermal spring issues, and a well or spring in the recharge area for the thermal spring, as nearly as it could be determined. These sites were sampled in the fall when ground water levels were low, and some were sampled again in the spring when levels were higher.
-3- Sampling devices for the dissolved-gas analyses consisted of 500 ml (millilitre) glass flasks with evacuated side arms. In use, water was pumped into the flask to fill it, and an additional 2 litres of sample was .pumped through the flask in order to flush adsorbed gases from ':he glass wall. After the sampler was filled and flushed, the inlet and outlet stopcocks were closed to the supply and to the atmosphere, respectively, then opened to the previously evacuated side chamber. The samplers were then returned to the laboratory for analysis of the vapor phase.
Samples for stable carbon isotope ratio measurement were fixed in the field to prevent loss of dissolved carbonate as gaseous C0_. (Gleason, Friedman, and Hanshaw, 1969 pH, Alkalinity pH measurements were made in the field when the samples were collected.
Commercial pH meters, electrodes, and liquid buffers were used. The combination electrode was immersed in a bath through which the sample water flowed. This bath also served to maintain the pH buffers at the sample temperature. The meter and electrode were standardized with pH 7 and pH 4 buffers at the observed sample temperature, and the sample pH was then determined.
Alkalinities of freshly drawn samples were determined by the electrometric titration method described in Brown, Skougstad, and Fishman (1970, p. 42-43) .
Dissolved Oxygen and Sulfide * A commercial kit (Hach Chemical Co., Mdl. OX-2P ) was used for determinations of high dissolved oxygen concentrations. Concentrations of dissolved oxygen less than 2 mg/1 (milligrams per litre) were determined more precisely by the modified Winkler method (Brown, Skougstad, and Fishman, 1970, p. 126) , A Hach Model 1IS-6 sulfide kit (based on the The use of brand names in this report is for identification purposes only and does not imply endorsement by the U.S. Geological Survey.
-5-wethylene blue method) was used for determinations of sulfide in those samples containing less than 1 mg/1 dissolved oxygen. Lower detection limit for sulfide by this method is about 0.02 mg/1. Sulfide was found J.n only one sample.
Laboratory Procedures
Appropriate analytical techniques described in Brown, Skougstad, and Fishman (1970) were used for the analyses of dissolved chemical constituents, except for the following: 1) Ammonia was separated in a micro-Kjeldahl still. In this device, high pH for distillation (achieved by making samples 0.1 normal in sodium hydroxide) is necessary for quantitative removal of the ammonia.
2) Nitrate was determined by the phenoldisulfonic acid method as described by Rainwater and Thatcher (1960, method D:25b-l) .
3) Arsenic and selenium were analyzed by a graphite furnace atomic adsorption technique.
Copper was determined in all the laboratory-analyzed samples. Concentrations were less than 0.01 mg/1, except as noted in the table of analytical results. Bromide analyses were performed by the Atlanta Central Laboratory of the U, S. Geological Survey.
Dissolved Gases
Dissolved gases were analyzed chromatographically, using columns packed with porous polymer beads to achieve the required separations, hot wire thermal conductivity bridge detectors, and electronic integration and printout of detector signals for quantitative determinations of the various gases* Standard gas mixtures were used to calibrate the chromatograph response.
Argon was used as the carrier gas for helium analyses; a helium carrier was employed for the other determinations. Nitrogen, oxygen, * and argon were separated on a 45-foot Porapak QS column in a dry ice-* isopropanol bath (Porapak Brochure). Methane and carbon dioxide were separated from each other and from the major atmospheric gases on a & "& o Porapak QS-Porapak R column maintained at 50 C. Use of this combined column was suggested by Wilhite and Hollis (1968) . Helium separations * were made on a Porapak QS column in an ice-water bath.
Sample flasks are attached to the chromatograph inlet with short lengths of plastic tubing. Tubing, inlet, and calibrated chromatograph sample loop are evacuated, then the flask stopcock is opened to admit gases to the loop. The analytical sequence is started by actuating a valve-switching arrangement, which diverts carrier gas flow through the loop to the column. Volumes of the sampler side tube, plastic tubing, inlet system, and sample loop are knox^n, so that total amounts of individual gases in the vapor phase can be calculated. From these data, together with the known volumes of the larger water chambers and published gas solubility data, dissolved gas concentrations and partial pressures at sampling temperatures are determined. 
Stable Isotopes
Stable isotope ratios were measured by a commercial laboratory using a mass spectrometer. Because it is difficult to -measure absolute values of isotope ratios with any precision, such ratios are measured and reported relative to arbitrary but widely used standards. The measurements are reported in the 6 notation, where:
. .
R _ and R , , are the isotope ratios ( C/ C, O/ 0) in the .sample standard sample and standard, respectively. The standard to which the carbon isotope ratios reported here are referred is the PDB standard (Craig, 1957) , whereas the oxygen isotope ratios are referred to the SHOW standard (Craig, 1961) .
The precision of the analyses reported here is considered to be + 0.1 o/oo.
The 1-quart samples treated in the field to precipitate all the carbonate as SrCO« were filtered under nitrogen and the SrCO~ precipitate thoroughly rinsed and dried. This carbonate was then reacted with 100 percent HJ?0, to produce the C0 ? gas required for the mass spectrometric analysis of 13C/ 12C ratios (McCrea, 1950) ,
O/ 0 ratios were measured on a second C0 2 gas sample. This gas was prepared in the laboratory by equilibrating CO^ with the water samples
collected for that purpose. The O/ 0 ratio of the water is calculated 18 1 fi from the O/ 0 ratio of the gas equilibrated with it.
The tritium analyses were made (U. Tables 3-9 give the data for the springs and wells shown on the location maps.
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